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Distribution of the calcium content in soil and the calcium content of flue-cured tobacco in Enshi tobacco-growing 
area of Hubei Province and their relationships were analyzed. The results indicated that: (1) the average content in soil 
of total and exchangeable calcium was 2124.60 and 1091.44 mg/kg in Enshi tobacco-growing area. The calcium 
content showed the trends of high altitude > middle altitude >lower altitude among different altitudes, and the trends 
of 0 to 20 > 20 to 40 > 40 to 60 cm in different soil depths. (2) Significant differences of the calcium content of flue-
cured tobacco were found among the different cultivars and grades, indicating the trends of Yunyan87 >Yunyan85 > 
K326, the trends of X2F > C3F > B2F, and the trends of high altitude > middle altitude > lower altitude. (3) The calcium 
content in soil and the calcium content of flue-cured tobacco were both increased with the altitude height going up. 
When the exchangeable calcium content in soil was grouped and increasing, the calcium content of flue-cured 
tobacco also increased. Linear regression equation was established between the calcium content of flue-cured 
tobacco and the exchangeable calcium content in soil with high significant correlation coefficient. 

 
Key words: Calcium content in soil, calcium content of flue-cured tobacco, altitude height, relationship analysis, Enshi tobacco-
growing area. 
 
INTRODUCTION 

 
Calcium (Ca) was an essential element to flue-cured 
tobacco growth and development, which was a mineral 
nutrient ingredient second to potassium. Though calcium 
was not easily transportable, it played an important role in 
coordinating and balancing the nutrients absorption in 
tobacco, which has been shown to ameliorate adverse 
effects of salinity on plants (Ehret et al., 1990) and is also 
well known to have regulatory roles in metabolism (Cramer 
et al., 1986).The change of calcium could affect the soil 
physicochemical property and the absorption of other 
nutrients (Xu et al., 2007; Liu et al., 2005).  

Diminished soil Ca reduces growth and disease resistance 
in Acer saccharum on acidic soils (St Clair et al., 2008). 
Furthermore, Ca availability is strongly related to individual 
tree growth across natural (Bailey et al., 2004) and 
experimentally manipulated Ca gradients (Kobe et al., 2002), 
and correlates with fine root  
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production (Reich et al., 1997; Park et al., 2008). 
Fertilization with Ca in the field can elicit positive growth 
responses in seedlings (Kobe et al., 2002), saplings (St 
Clair and Lynch, 2005). Calcium deficiency would cause 
physical disorders and FAA (free acid amino) increasing; 
on the other hand, excess calcium would lead to rough 
and stiff tobacco leaves and lower the use value of 
tobacco. Generally, the calcium content of flue-cured 
tobacco was from 1.5 to 2.5% and 2.5% for quality flue-
cured tobacco abroad with upper limit of 3.5%; and the 
average calcium content was obviously high with 3.45% 
in China (Ruan et al., 2006; Liao et al., 2007; Li et al., 
2006). Altitude and soil conditions were important 
ecological factors that influenced the quality formation of 
flue-cured tobacco (Xu et al., 2005, 2008). Change of 
altitude height caused significant differences for solar 
radiation amount, effective accumulated temperature, 
temperature difference, air humidity, etc (Jian et al., 
2005). It has been reported that high significant positive 
correlation existed between the calcium content of flue-
cured tobacco and the exchangeable calcium in soil (Nie 
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Figure 1. Frequency distribution of the exchangeable calcium 
content in soil. 

 

 

et al., 2003); moreover, the relationship was found 
between the calcium content of flue-cured tobacco and 
total nitrogen, boron, zinc and manganese. Enshi is 
located in the southwest of Hubei province, which was 
one of high quality flue-cured tobacco producing area, 
with mountainous and hilly land and high degree of curing 
soil. This paper studied the calcium content in soil and 
the calcium content of flue-cured tobacco in the method 
of field survey and laboratory analysis, aiming to supply 
theoretical proofs for calcium nutrient. 
 
 
MATERIALS AND METHODS 
 
Soil samples collection 
 
The collection of soil samples were carried out from Xuan’en and 
Xianfeng counties, on behalf of Enshi tobacco-growing area. The 
soil samples were chosen from three soil depths of 0 to 20cm (129 
samples), 20 to 40cm (24 samples) and 40 to 60cm (24 samples) 
with GPS positioning technology adopted. In one collection unit, 8 
to 10 spots’ soil samples were mixed to one of 1.50 kg. Then, the 
soil samples were labeled followed by preprocessing, air drying, 
levigating, sieving, blending and bottling to analyze. 

 

Tobacco samples collection 

 
When the soil samples were collected, the tobacco samples were 
gathered accordingly. The main cultivars of K326, Yunyan87 and 
Yunyan85 were chosen, including B2F, C3F and X2F grades. The 
tobacco samples were given by the special professional rating staff 
based on the flue-cured tobacco standard of GB 2635-92. Each 
sample weighed 1.50 kg and were dried, levigated and sieved (d = 
0.3 mm). 

 

Index determination method 
 
The calcium content of flue-cured tobacco was determined by 
atomic absorption spectrophotometry (Wang, 2003).  

The calcium content in soil was determined according to the 
analysis Method for soil Agro-Chemistry (Bao, 2000). The samples 

 
 
 
 

 
were first prepared to obtain soil leach solutions then, diluted to a 
certain concentration. By using atomic absorption spectrophoto-
metry, its OD value can be measured with a detection wavelength 
at 422.7 nm. 
 
 
Statistical analysis 

 
All the data were subject to statistical analysis using the SPSS 14.0 
software. 
 

 

RESULTS 

 
Distribution of calcium content in soil in Enshi 
tobacco-growing area 
 

Status of calcium content in soil 

 

The calcium content, especially the exchangeable 
calcium content in soil, affected the calcium supply level 
directly. Frequency distribution of the exchangeable 
calcium content in soil in Enshi tobacco-growing area was 
shown in Figure 1. Total calcium content ranged from 
1243.2 to 5353.4 mg/kg with the mean of 2124.60 mg/kg 
and variation coefficient of 39.48%. Exchangeable 
calcium content ranged from 69.30 to 2916.78 mg/kg with 
the mean of 1091.44 mg/kg and variation coefficient of 
72.92%, and kurtosis and skewness were more than 
zero, indicating positive deviation and tip peak.  

Considering the classification standard for soil (Li et al., 
2004), the exchangeable calcium content in soil was 
grouped into five levels: < 400 mg/kg, 400 to 800 mg/kg, 
800 to 1200 mg/kg, 1200 to 2000 mg/kg, ≥ 2000 mg/kg 
(Table 1). The exchangeable calcium content in soil from 
14.73% of the samples was below 400 mg/kg, indicating 
severe deficiency of calcium, and 24.03% of samples 
were deficient of calcium (400 to 800 mg/kg). This 
showed severe deficiency of calcium in this area, so more 
attention should be paid to the application of calcium 
fertilizer. 
 

 
Status of exchangeable calcium content in soil at 
different altitudes 

 

Altitude was an important factor affecting the soil fertility, 
and the status of exchangeable calcium content at 
different altitudes was shown in Table 2. The height went 
up, accompanied with the total and exchangeable 
calcium content in soil increasing, while the variation 
coefficient showed the trend of lower altitude > high 
altitude > medium altitude. 
 

 

Status of exchangeable calcium content in soil at 
different soil depths 

 

Status of exchangeable calcium content  in  soil  at  three 



 
 
 

 
Table 1. Status of the exchangeable calcium content in soil in Enshi tobacco-growing area (mg/kg).  

 
 Exchangeable calcium content Samples Range Mean Sd CV (%) 

 <400 19 69.30 to 377.03 246.78 103.25 41.84 

 400 to 800 31 440.74 to 790.81 616.87 104.05 16.87 

 800 to 1200 32 800.20 to 1187.20 989.56 110.72 11.19 

 1200 to 2000 37 1203.39 to 1912.86 1464.09 222.55 15.20 

 ≥2000 10 2048.41 to 2916.78 3114.65 1127.86 36.21 
 
 
 

Table 2. Status of the calcium content in soil in different altitudes (mg/kg).  
 

Index (mg/kg) Altitude (m) Samples Range Mean Sd CV (%) 

Total calcium <800 43 1243.20 to 2710.40 1900.33 a 665.64 35.03 

 800 to 1000 43 1332.40 to 2541.10 2054.80 a 529.00 25.74 

 >1000 43 1483.40 to 5353.40 2418.68 a 725.89 30.01 

Exchangeable calcium <800 43 69.30 to 1516.53 822.03 b 383.90 46.70 

 800 to 1000 43 1500.25 to 2870.50 1992.27 a 436.62 21.92 

 >1000 43 1889.17 to 2916.78 2104.78 a 513.82 24.41 
 

Different small letters in the same line indicated the significant differences at the 0.05 level, the same follow. 
 
 
 

Table 3. Status of calcium content in soil in different soil depths (mg/kg).  
 

Index Depths(cm) Samples Range Mean Sd CV (%) 

Total calcium (mg/kg) 0 to 20 129 1243.20 to 5353.40 2124.60 a 626.40 29.48 

 20 to 40 43 791.30 to 2067.70 1875.13 b 795.72 42.44 

 40 to 60 43 809.40 to 200.17 1714.87 b 794.26 46.32 

Exchangeable calcium (mg/kg) 0 to 20 129 69.30 to 2916.78 1091.44 a 795.84 72.92 

 20 to 40 43 87.38 to 2083.39 765.05 b 235.60 30.80 

 40 to 60 43 123.52 to 1394.91 699.67 b 200.69 28.68 
 
 

 

different depths was shown in Table 3. The total and 
exchangeable calcium content was highest at 0 to 20 cm 
depth, medium at 20 to 40 cm depth, and at 40 to 60 cm 
depth, it was similar to that of 20 to 40 cm depth. The soil 
depths increased, accompanied with the decreasing 
calcium content in soil; the variation coefficient indicated 
the trend of 0 to 20 > 40 to 60 > 20 to 40 cm for 
exchangeable calcium and the opposite trend for total 
calcium. 
 

 

Status of calcium content of flue-cured tobacco in 
Enshi tobacco-growing area 

 
General status of calcium content of flue-cured 
tobacco 

 
Mineral elements played an important part in tobacco 
growth. Applying calcium could increase sugar and 

 
 

 

nicotine content and filling power. Generally, 1.7 to 3.4% 
for calcium content was an appropriate scale for Chinese 
flue-cured tobacco (Yuan et al., 2007). 48.28% of the 124 
tobacco samples selected from Enshi were in this range. 
Frequency distribution of calcium content of flue-cured 
tobacco was shown in Figure 2. The kurtosis (-0.2182) 
was less than zero and skewness (0.8071) was more 
than zero, indicating positive deviation and flat peak. 
 

 

Status of calcium content of flue-cured tobacco in 
different cultivars 

 

K326, Yunyan85 and Yunyan87 were main cultivars in 
Enshi tobacco-growing area. Status of calcium content of 
flue-cured tobacco in different cultivars was shown in 
Table 4. Among the three cultivars, the calcium content of 
flue-cured tobacco showed the trend of Yunyan87 > 
Yunyan85 > K326, and the same for the variation 
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Figure 2. Frequency distribution of calcium content of flue-cured 
tobacco. 

 
 

 
Table 4. Status of calcium content of flue-cured tobacco of different 
cultivars (%).  
 
Cultivars Samples Range Mean Sd CV (%)  

K326 27 0.87 to 1.96 1.40
b
 0.39 28.10 

Yunyan85 50 0.91 to 2.79 1.69
b
 0.51 30.19  

 

 
Table 5. Status of calcium content of flue-cured tobacco of different 
gradings (%).  
 
Gradings Samples Range Mean Sd CV (%)  

B2F 41 0.87 to 2.49 1.52
b
 0.42 27.56 

C3F 41 0.91 to 2.88 1.70
b
 0.60 35.34 

X2F 42 1.07 to 3.73 2.16
a
 0.67 31.11  

 
 

 

coefficient. One-way ANOVA analysis showed significant 
variance to the calcium content of flue-cured tobacco. 
Multiple comparisons were carried out on the basis of 
variance analysis, indicating significant difference 
between K326 and Yunyan85, Yunyan87. 
 

 

Status of calcium content of flue-cured tobacco in 
different grades 

 
Status of calcium content of flue-cured tobacco of 
different grades in Enshi tobacco-growing areas was 

 
 

 
 

 

shown in Table 5. The calcium content of flue-cured 
tobacco showed the trend of X2F > C3F > B2F and the 
trend of C3F > X2F > B2F for the variation coefficient. 
One-way ANOVA analysis showed significant variance to 
the calcium content of flue-cured tobacco. Multiple 
comparisons were carried out on the basis of variance 
analysis, indicating significant difference between X2F 
and C3F, B2F. 
 

 

Status of calcium content of flue-cured tobacco at 
different altitudes 

 

Altitude was an important ecological factor affecting the 
quality of flue-cured tobacco, status of calcium content of 
flue-cured tobacco at different altitudes in Enshi tobacco-
growing areas was shown in Table 6. The height went up, 
accompanied with the calcium content of flue-cured 
tobacco, which was increased. The variation coefficient 
showed the trend of medium altitude > lower altitude > 
high altitude. One-way ANOVA analysis showed the 
variance was significant to the calcium content of flue-
cured tobacco. 
 

 

Relationship analysis between the calcium content of 
flue-cured tobacco and the calcium content in soil 

 

Relationship between the calcium content of flue-cured 
tobacco and the exchangeable calcium content in soil at 
different altitudes was shown in Figure 3. Accompanying 
the altitude height increase, the exchangeable calcium 
content in soil also increased, which was identical with 
the research results (Jiao et al., 2007), and also of the 
calcium content of flue-cured tobacco.  

Regression analysis was conducted for the 
exchangeable calcium content in soil (x) and the calcium 

content of flue-cured tobacco ( Yˆ ), the regression  
equation ( Yˆ = 1.3986 + 0.0008x) was established with 
 
correlation coefficient of 0.9409. It had much significant 
difference by F test. After the exchangeable calcium 
content was grouped, their relationship was shown in 
Figure 4. Accompanying the exchangeable calcium 
content increase, the calcium content of flue-cured 
tobacco also increased. 
 

 

DISCUSSION 

 

Total and exchangeable calcium content in soil in Enshi 
tobacco-growing area were 2124.60 and 1091.44 mg/kg 
respectively, 38.76% of the samples were severely 
deficient of calcium and 36.43% were sufficient. This 
status means that both supplying calcium and controlling 
calcium should be taken according to different situations. 
Accompanying the altitude height increase, the total and 
exchangeable calcium content in soil increased and with 



 
 
 

 
Table 6. Status of calcium content of flue-cured tobacco of different altitudes (%).  

 
 Altitude(m) Samples Range Mean Sd CV (%) 

 <800 49 0.91 to 2.88 1.64
a
 0.58 35.45 

 800 to1000 36 0.87 to 3.73 1.82
a
 0.69 37.73 

 >1000 39 0.93 to 3.24 1.86
a
 0.61 32.97  
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Figure 3. Relationship between the calcium content of flue-cured tobacco and the 
exchangeable calcium content in soil in different altitudes. 
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Figure 4. Relationship between the calcium content of flue-cured tobacco and the 
exchangeable calcium content after the exchangeable calcium content was grouped. 

 
 

 

the soil depths deepening, the calcium content in soil 
decreased. Our results are in agreement with the findings 
of Dang et al. (2006) that, with the rise of altitude height, 
organic matter and rapidly available phosphorus and 
potassium contents in soil went up and the variation 
coefficient of soil fertility decreased, which might be 
related to less influenced surroundings by humanity in 
high altitudes. Altitude is an important factor that affects 
soil organic matter and soil nutrients contents. Soil parent 

 
 
 

 

materials and soil types changed with altitude heights, 
light, temperature and water. Also, heat varied, which 
made different physical and chemical soil properties that 
at last had different influences on soil nutrients (Jiao et 
al., 2007).  

There existed significant differences among various 
cultivars and grades for the calcium contents of flue-
cured tobacco, but not for the different altitudes. It 
showed the trends of Yunyan87 > Yunyan85 > K326 and 



 
 
 

 

the trends of X2F > C3F > B2F for the calcium content of 
flue-cured tobacco, and respectively, the trends of high 
altitude > medium altitude > lower altitude. According to 
the data available, there isn’t any proof for appropriate 
altitude heights that make for calcium in flued-cured 
tobacco. However, some researches (Jian et al., 2005) 
had showed that raising the planting altitudes contributed 
to elevated aroma quantity in tobacco and coordinate 
chemical compositions greatly, which can improve 
tobacco utility in a large degree.  

There was close relationship between the calcium 
content in soil and the calcium content of flue-cured 
tobacco. Positive regression correlation was established. 
With the altitude going up, the calcium content in soil and 
the calcium content of flue-cured tobacco increased. 
Moreover, the calcium content of flue-cured tobacco 
increased when the exchangeable calcium content in soil 
was grouped. It is well known that altitudes affect mineral 
elements in soil, including calcium. It is also illustrated 
that, calcium in tobacco is closely related to 
exchangeable calcium in soil, which put it forward that, 
altitude heights had much larger effects on tobacco 
quality than soil types did (Mu et al., 2008). As a result, 
enough notice should be paid to the difference between 
various ecological areas when choosing tobacco habitats 
and applying certain production technologies. 
 

 

ACKNOWLEDGEMENTS 

 

This project was supported by Science and Technology  
Research Project of Hubei Province (No. 
2006AA201C73), Science and Technology Research 
Project of Tobacco Monopoly Bureau of Hubei Province 
(No. 027Y2011-050). 
 

 
REFERENCES 
 
Ehret DL, Remann RE, Harvey BL, Cipywnyk A (1990). Salinity induced 

calcium deficiencies in wheat and barley. Plant Soil, 128: 143-151.  
Cramer GR, Lauchli A, Epstein E (1986). Effects of NaCl and CaCl2 on 

ion activities in complex nutrient solutions and root growth in cotton. 
Plant Physiol., 81: 792-797.  

Xu ZC, Li YY, Xiao HQ (2007). The contents of exchangeable calcium 
and magnesium in Huan tobacco-growing soils and their effects on 
tobacco quality. Acta Ecol. Sin., 27(11): 4425-4433.  

Liu JJ, Liu CS, Li TJ (2005), Study on movement of calcium in eluviate 
condition. J. Soil Water Conserv., 9(4): 53-56, 75.  

St Clair SB, Sharpe WE, Lynch JP (2008). Key interactions between 
nutrient limitation and climatic factors in temperate forests: A 
synthesis of the sugar mapleliterature. Can. J. For. Res. Rev. Can. 
Rech. For., 38: 401-414. 

 
 
 
 

 
Bailey SW, Horsley SB, Long RP, Hallett RA (2004). Influence of 

edaphic factors on sugar maple nutrition and health on the Allegheny 
Plateau. Soil Sci. Soc. Am. J., 68: 243-252.  

Kobe RK, Likens GE, Eagar C (2002). Tree seedling growth and 
mortality responses to manipulations of calcium and aluminum in a 
northern hardwood forest. Can. J. For. Res. Rev. Can. Rech. For., 
32: 954-966.  

Reich PB, Grigal DF, Aber JD, Gower ST (1997). Nitrogen 
mineralization and productivity in 50 hardwood and conifer stands on 
diverse soils. Ecology, 78: 335-347.  

Park BB, Yanai RD, Fahey TJ, Bailey SW, Siccama TG, Shanley JB, 
Cleavitt NL (2008). Fine root dynamics and forest production across 
a calcium gradient in northern hardwood and conifer ecosystems. 
Ecosystems, 11: 325-341.  

St Clair SB, Lynch JP (2005). Base cation stimulation of mycorrhization 
and photosynthesis of sugar maple on acid soils are coupled by foliar 
nutrient dynamics. New Phytol., 165: 581-590  

Ruan MH, Chen SH, Li WQ (2006), Relationship between supply and 
absorption of potassium, calcium and magnesium in flue-cured 
tobacco. Subtrop. Agric. Res., 2(2): 97-101.  

Liao HM, Luo YL, Gao Q (2007). Measure and analysis about the 

contents of Ca，Mg and Cl among several flue-cured tobacco  
sample. Hunan Agric. Sci., 4: 34-35  

Li QP (2006). Analysis of current situation of Luoyang tobacco-planting 
soils. J. Henan Agric. Sci., 8: 89-91  

Xu ZC, Liu GS, Liu JH (2005). Analysis of ecological factors and quality 
of flue-cured tobacco leaves in Tongshan tobacco-growing areas. 
Acta Ecol. Sin., 25(7): 1748-1753.  

Xu ZC, Li YY, Xiao HQ (2008). Evaluation of ecological factors and flue-
cured tobacco quality in tobacco-growing areas in southern Hunan, 
China. J. Plant Ecol., 32(1): 226-234.  

Jian YX, Yang L, Xie LJ (2005). Effects of altitude in northwest of 
Hunan province on content of conventional chemical composition of 
flue-cured tobacco. Life Sci. Res., 9(1): 63-67.  

Nie XB, Jin ZL (2003), Effect of harmonization of medium and trace 
elements on growth, yield and quality of flue-cured tobacco. Chinese 
Tobacco Science, 4: 30-34.  

Wang RX (2003). Tobacco chemistry. Beijing: Chinese Agricultural 
Press. 

Bao SD (2000). Analysis method for soil Agro-Chemistry. Beijing:  
Chinese Agricultural Press.  

Li ZH, Xu AG, Long HY (2004). Evaluation of soil nutrient conditions in 
major tobacco-producing region of China. Sci. Agric. Sin., 
37(supplement): 36-42.  

Yuan YB, Chen X, Luo ZB (2007). Contents of medium and trace 
elements in cured tobacco leaves in Bijie area. Chinese Tobacco 
Sci., 28(5): 45-48.  

Jiao JH, Liu CK, Xu ZC (2007). Analysis and comprehensive evaluation 
on nutrients content status of tobacco soil at different altitudes in 
Xuan’en of Hubei. J. Anhui Agric. Sci., 35(28): 8936-8937, 8949.  

Dang KL, Zhang CL, Cheng HB, Han FL (2006). Space differentiation 
rules of soil fertility in south slope of Qinling Mountains. For. Sci., 42: 
12-15  

Mu B, Yang JS, Li MH (2008). Study on relationship between altitude 
height in QianBei DaLouShan area and Flue-cured tobacco flavor. 
Chinese J. Eco-Agric., 11(4): 148-151. 


